Abstract Metaplastic sarcomatoid carcinoma (MSC) of the breast is usually triple receptor (ER, PR, and HER2) negative and is not currently recognized as being more aggressive than other triple receptor-negative breast cancers. We reviewed archival tissue sections from surgical resection specimens of 47 patients with MSC of the breast and evaluated the association between various clinicopathologic features and patient survival. We also evaluated the clinical outcome of MSC patients compared to a control group of patients with triple receptor-negative invasive breast carcinoma matched for patient age, clinical stage, tumor grade, treatment with chemotherapy, and treatment with radiation therapy. Factors independently associated with decreased disease-free survival among patients with stage I-III MSC of the breast were patient age [ 50 years (P = 0.029) and the presence of nodal macrometastases (P = 0.003). In early-stage (stage I-II) MSC, decreased disease-free survival was observed for patients with a sarcomatoid component comprising C95% of the tumor (P = 0.032), but tumor size was the only independent adverse prognostic factor in early-stage patients (P = 0.043). Compared to a control group of triple receptor-negative patients, patients with stage I-III MSC had decreased disease-free survival (two-sided log rank, P = 0.018). Five-year disease-free survival was 44 ± 8% versus 74 ± 7% for patients with MSC versus triple receptor-negative breast cancer, respectively. We conclude that MSC of the breast appears more aggressive than other triple receptor-negative breast cancers.
Introduction
Metaplastic carcinomas comprise a small but histologically diverse group of invasive breast cancers that share an unusual morphologic characteristic: part or all of the tumor cells appear to have undergone transformation to a nonglandular epithelial or mesenchymal cell type [1] [2] [3] [4] [5] [6] . The histologic appearance of metaplastic carcinomas of the breast can vary greatly. As a group they tend to be triple receptor (ER, PR, and HER2) negative, but the nonglandular component can range from only focal squamous differentiation, which appears to be clinically insignificant, to diffuse mesenchymal differentiation. The mesenchymal component can be cytologically bland and clinically indolent or resemble a sarcoma and behave aggressively. In spite of this diversity, metaplastic carcinomas are often lumped together and referred to as if they were a single distinct subtype.
The National Comprehensive Cancer Network (NCCN) clinical practice guidelines for invasive breast cancer state that metaplastic breast carcinomas should be treated like other invasive breast carcinomas. The recommendation is based on the assumption that the metaplastic component does not alter prognosis [7] . There are, indeed, conflicting outcome data for metaplastic carcinoma in the literature, but the conflicting data are likely a result of the heterogeneity of tumors included in many studies. A number of reports on specific subtypes of metaplastic carcinoma, in contrast, suggest that the clinical behavior of certain metaplastic carcinoma subtypes is distinct from typical invasive breast carcinomas [8] [9] [10] [11] [12] [13] [14] [15] .
In this study, we evaluated the clinical outcome of patients with metaplastic sarcomatoid carcinoma (MSC) of the breast and analyzed the association between clinical outcome and various clinicopathologic features of MSC, including the percentage of sarcomatoid component within the primary tumor. As most cases of MSC are triple receptor negative, we also compared the outcome of MSC patients to a control group of triple receptor-negative breast cancer patients matched for patient age, clinical stage, tumor grade, treatment with chemotherapy, and treatment with radiation therapy.
Methods

MSC patients
Patients with MSC of the breast diagnosed at MD Anderson Cancer Center (MDACC) with definitive surgery performed from 1986 to 2008 were identified from the surgical pathology files in the Department of Pathology by conducting a database search using SNOMED codes for the terms sarcomatoid carcinoma, carcinosarcoma, spindle cell carcinoma, and metaplastic carcinoma and by performing a text search of diagnoses for breast specimens using the terms metaplastic, sarcomatoid, and carcinosarcoma. The tissue slides from each primary tumor were retrieved from the MDACC pathology archives in accordance with an IRB-approved protocol for this study. Inclusion criteria were (1) patients with tumors having at least focal intermediate-to high-grade sarcomatoid morphology and an obvious invasive carcinomatous component; and (2) patients with purely sarcomatous tumors that expressed keratin by immunohistochemistry and/or had associated ductal carcinoma in situ (DCIS). Patients were excluded if representative slides were not available for review from the primary tumor. As part of the study objective was to compare outcomes of patients with mixed versus pure sarcomatid morphology, patients with pure (C95%) sarcomatoid morphology in the surgical specimen were excluded if they received primary (preoperative) chemotherapy, as such patients might have had a significant carcinomatous component before chemotherapy. Patients with low-grade fibromatosis-like metaplastic tumors and other metaplastic tumors with a low-grade spindle cell component were also excluded. The clinicopathologic features of a subset of these patients were reported previously [9] .
Clinical information was obtained from clinical databases in the Department of Surgical Oncology and Department of Breast Medical Oncology at MDACC and supplemented with information from the hospital records and pathology reports. Clinicopathologic features evaluated for each case included the age of the patient, clinical stage, tumor size, the percentage of sarcomatoid component comprising each tumor, the histologic type of sarcomatoid differentiation, the grade of the sarcomatoid component, the grade of the carcinomatous component, the presence of lymphovascular invasion, the extent of axillary lymph node involvement, hormone receptor and HER2 status, treatment with chemotherapy and/or radiation therapy, and clinical outcome.
Triple receptor-negative patients
A control group of patients with triple receptor-negative invasive ductal carcinoma was selected from a clinical database in the Department of Breast Medical Oncology at MDACC. The control patients were matched as closely as possible to stage I-III MSC patients according to patient age, clinical stage, tumor grade, treatment with chemotherapy, and treatment with radiation therapy. For patient age, 28 patients were matched within 1 year, nine patients within 2 years, two patients within 3 years, and one patient within 4 years. For some patients, matches were not available for grade or stage. In these cases, the next higher grade or stage was selected for the control patient so that the match would not favor a worse outcome for MSC. Six patients in the control group had high-grade tumors compared to intermediate-grade tumors in the corresponding MSC patients, one control patient was stage IIIB instead of IIIA, and one control patient was stage IIIC instead of IIIB. One patient in the control group was treated more aggressively with chemotherapy and radiation compared to radiation only in the corresponding MSC patient; in subsequent follow-up analysis, neither the control patient nor the corresponding MSC patient experienced tumor recurrence, and so this treatment difference did not favor a worse outcome for MSC. The triple-negative control patients had definitive surgery from 1997 to 2006.
Statistical analyses
Survival estimates were calculated using the Kaplan-Meier product limit method. The two-sided log-rank test was used to test the association between particular clinicopathologic features and patient survival. Disease-free survival was defined as the interval from the date of surgery to the date of local or regional disease recurrence, distant metastasis, or death from disease or to the last follow-up date. Overall survival was defined as the interval from the date of surgery to the date of death from any cause or to the last follow-up date. Multivariate analysis was performed using the Cox proportional hazards regression model. All statistical analyses were carried out using SSPS 12.0 for Windows (SPSS Inc., Chicago, IL).
Results
Forty-seven patients with MSC of the breast met the inclusion criteria for this study. The clinicopathologic features of these patients are provided in Table 1 . All of the patients were women. The median patient age was 59 years (range, 32-80 years). The median tumor size was 3.3 cm (range, 1.5-12 cm). Twenty-six patients (55%) had earlystage (stage I-II) disease. For patients with known receptor status, 34 of 37 (92%) were ER negative, 32 of 36 (89%) were PR negative, and 22 of 22 (100%) were HER2 negative.
Most of the patients in this study had tumors with a large sarcomatoid component. Tumor cells with sarcomatoid morphology comprised [95% of 25 cases (53%) and B25% of 14 cases (30%) (Fig. 1) . The sarcomatoid component in 34 patients (72%) was composed entirely of spindled tumor cells. The sarcomatoid component of 2 patients (4%) had a malignant fibrous histiocytoma (MFH)-like appearance, 1 patient (2%) had a pleomorphic sarcomatoid component, and 1 patient (2%) had an osseous component with osteoclast-like giant cells. Nine additional patients (19%) had a sarcomatoid component containing spindled tumor cells admixed with osseous, chondroid, myxoid, pleomorphic, or rhabdoid elements. Sixteen patients (34%) had an intermediate-grade sarcomatoid component, and 31 (66%) had a high-grade sarcomatoid component. Among the 22 patients with an overt carcinomatous component comprising at least 5% of the tumor, the carcinomatous component was low grade in 1 patient (5%), intermediate grade in 6 patients (27%), and high grade in 15 (68%). Seventeen of these (77%) had ductal differentiation, 3 (14%) had squamous differentiation, and 2 (9%) had mixed ductal and squamous differentiation.
The primary surgical treatment for 22 patients (47%) was breast-conserving surgery. Twenty-five patients (53%) Thirty-eight patients received chemotherapy, 32 patients received radiation therapy, and five patients received hormonal therapy. Information on treatment with chemotherapy or radiation was unavailable for three patients, and information on hormonal therapy was unavailable for four patients. Clinical follow-up was available for 43 patients and ranged from 4 to 214 months (median 30 months). Of these, 12 patients (28%) had a local or regional recurrence, 17 patients (40%) developed distant metastases, and 9 (21%) had both. There were 23 deaths (53%), 17 of which (40%) were breast cancer related. For the entire group, 5-year disease-free survival was 45 ± 8%.
Forty patients had stage I-III disease and available clinical follow-up data. Among these patients, factors significantly associated with reduced disease-free survival were patient age [ 50 years (P = 0.049), tumor size [ 3 cm (P = 0.049), and the presence of lymph node macrometastases (P = 0.025) (Fig. 2) . Five-year diseasefree survival was 36 ± 9% versus 68 ± 16% for patients [ 50 years of age versus B50 years of age, respectively; 34 ± 11% versus 70 ± 18% for patients with tumors [ 3 versus B3 cm, respectively; and 25 ± 15% versus 51 ± 10% for patients with macrometastases versus negative lymph nodes or micrometastases, respectively. In multivariate analysis, patient age [ 50 years (HR 10.12, 95% CI 1.26-81.31, P = 0.029) and the presence of macrometastases (HR 6.47, 95% CI 1.87-22.36, P = 0.003) each maintained independent adverse prognostic significance.
When analysis was restricted to patients with early-stage (stage I-II) disease, factors significantly associated with disease-free survival were a sarcomatoid component comprising C95% of the tumor (P = 0.032) and tumor size [ 4 cm (P = 0.028) (Fig. 3) . Five-year disease-free survival was 42 ± 12% versus 85 ± 14% for patients with a sarcomatoid component comprising C95% of the tumor versus patients with a smaller proportion of sarcomatoid component, respectively; and 20 ± 18% versus 62 ± 13% for patients with tumors [ 4 versus B4 cm, respectively. In multivariate analysis, only tumor size [ 4 cm (HR 3.61, 95% CI 1.04-12.51, P = 0.043) maintained independent adverse prognostic significance. Survival estimates for patients with stage I-III MSC were compared to a control group of triple receptor-negative breast cancer patients matched as closely as possible for patient age, clinical stage, tumor grade, treatment with chemotherapy, and treatment with radiation therapy (see ''Materials and Methods'' section). Total mastectomy was performed for 20 MSC patients (50%) and 19 control patients (47%), and breast-conserving surgery was performed for 20 MSC patients (50%) and 21 control patients (53%). Compared to the control group of triple receptornegative patients, patients with stage I-III MSC had decreased disease-free survival (P = 0.018) (Fig. 4a) . Five-year disease-free survival was 44 ± 8% versus 74 ± 7% for patients with MSC versus triple receptornegative breast cancer, respectively. Similarly, patients with early-stage (stage I-II) MSC had decreased diseasefree survival (P = 0.030) compared to matched triple receptor-negative controls (Fig. 4b) . Five-year disease-free survival was 53 ± 10% versus 87 ± 7% for patients with MSC versus triple receptor-negative breast cancer, respectively.
Because HER2 testing was not routinely performed at MDACC before 1997, control patients selected from the triple receptor-negative database were all diagnosed and treated after 1996 (later than some of the patients with MSC). Therefore, survival analysis was also performed on the subset of 25 MSC patients diagnosed and treated after 1996 and their matched triple receptor-negative control patients. In this subset of patients diagnosed and treated after 1996, patients with MSC had not only decreased 
disease-free survival (P = 0.017) (Fig. 4c ) but also decreased overall survival (P = 0.018) (Fig. 4d) . Five-year disease-free survival was 39 ± 11% versus 75 ± 9% for patients with MSC versus triple receptor-negative patients, respectively. Five year overall survival was 44 ± 10% versus 78 ± 9% for patients with MSC versus triple receptor-negative patients, respectively.
Discussion
Invasive breast cancers with an intermediate to high-grade sarcomatoid component admixed with a carcinomatous component have been regarded as carcinosarcomas by some authors [1] . Others have used the term carcinosarcoma in a very restricted sense to include only tumors in which the carcinomatous and sarcomatous components appear derived from separate epithelial and mesenchymal precursors, such as carcinoma arising within a malignant phyllodes tumor [16] . Preference for the term sarcomatoid carcinoma for most tumors with mixed sarcomatous and carcinomatous components has been based on their presumed histogenesis. The malignant glands in some tumors appear to merge contiguously with malignant spindle cells. This observation, together with frequent immunohistochemical expression of keratin within the spindle cell component [3, [17] [18] [19] , has suggested to many authors that the malignant spindle cells are derived from the carcinomatous component [20] . Molecular studies do, in fact, demonstrate clonality in these tumors, but they may actually be derived from stem cell-like precursors with the capacity for epithelial, myoepithelial and mesenchymal differentiation [21, 22] . Although metaplastic carcinomas of the breast are histologically diverse, this study focused on metaplastic sarcomatoid carcinoma (MSC), the subtype composed of overt carcinoma admixed with a mesenchymal component that appears morphologically malignant. Other specific forms of metaplastic carcinoma, such as low-grade fibromatosis-like metaplastic tumor, low-grade adenosquamous carcinoma, matrix-producing carcinoma, and squamous carcinoma were excluded. Low-grade fibromatosis-like metaplastic tumors and low-grade adenosquamous carcinomas have been shown to be relatively indolent [12] [13] [14] [15] , and reports on the clinical behavior of squamous carcinomas of the breast have been contradictory [6, [23] [24] [25] [26] . Matrix-producing carcinoma may be similar in behavior to MSC [8] , but it is morphologically distinct. We chose to focus this study on MSC because we believed it to be an aggressive subtype and wanted to confirm whether this well-defined subgroup of metaplastic carcinomas was indeed more aggressive than other triple-negative breast cancers.
We found that patients with MSC have decreased disease-free survival compared to other patients with triplenegative breast cancer. We also found that, in the subgroup of patients diagnosed and treated after 1996, patients with MSC had decreased overall survival compared to other triple-negative breast cancer patients. Although multivariate analysis was limited by the relatively small number of patients, age [ 50 years and the presence of macrometastases were found to be independent predictors of decreased disease-free survival. We thought the percentage of sarcomatoid component might be prognostically important, and there was indeed decreased disease-free survival for early-stage (stage I-II) MSC patients with a sarcomatoid component comprising C95% of the tumor. However, most patients with C95% sarcomatoid morphology in this study had large tumors, and only tumor size [ 4 cm maintained independent adverse prognostic significance in multivariate analysis. For the entire group of MSC patients, those with macrometastases had the worst outcome.
For MSC patients with a sarcomatoid component comprising C95% of the tumor, the likelihood of axillary involvement appears to be exceedingly low. For these patients, as well as those with low-grade fibromatosis-like metaplastic tumor [12, 13] and low-grade adenosquamous carcinoma [14, 15] , a surgical approach to axillary evaluation may not be necessary unless (as with patients with primary sarcoma of the breast) there is clinical suspicion of lymph node involvement. It is currently unknown if adjuvant radiotherapy benefits patients with MSC, but given the high rate of local failure in patients with MSC, maximal local therapy seems appropriate.
Conventional systemic chemotherapy appears to be less effective for MSC than for invasive ductal carcinoma [26] [27] [28] [29] . In a recent study [29] , for example, a pathologic complete response rate of 10% and a combined clinical partial and complete response rate of 26% was observed among 21 patients with MSC treated with primary chemotherapy. This is considerably lower than the response rate of invasive ductal carcinoma, particularly when one considers that metaplastic carcinomas have been regarded as basal-like breast cancers, which have a high rate of response to primary chemotherapy. Some important differences have been observed at the molecular level, however, between metaplastic carcinomas and basal-like breast cancers. A large number of genes are differentially expressed [30, 31] . Over 60% of metaplastic breast carcinomas are reported to have BRCA1 gene promoter methylation [32] , and there is greater downregulation of the BRCA1 pathway in metaplastic carcinomas [31] . Data derived in part from a subset of the tumors in this study indicate that PTEN and TOP2A are both downregulated in metaplastic carcinomas [30] , a finding which may help us to explain why metaplastic carcinomas generally have a poor response to chemotherapy. In contrast, a number of genes related to myoepithelial differentiation and epithelialmesenchymal transition (EMT) are significantly upregulated in metaplastic carcinomas [30] .
Genomic differences between metaplastic carcinomas and basal-like breast cancers have also been reported, such as increased PIK3CA and PI3K/AKT mutations in metaplastic carcinomas and gains in AKT1 and AKT2 gene copy numbers [30] . Moreover, PI3K/AKT pathway components have been found generally to be more highly phosphorylated in metaplastic carcinomas compared to most other breast tumor subtypes [30] . Although most of these data were derived from a mixed group of MSC and squamous carcinomas of the breast [30] , the findings likely contribute to the poor clinical outcome of MSC and may provide novel therapeutic targets for these tumors in the future.
Conclusion
This study shows that MSC appears more aggressive than other triple-negative breast cancers. Optimal systemic therapies are still lacking, but new information about molecular pathologic features of these tumors may result in novel therapeutic targets in the future. Aggressive local therapy appears warranted.
